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Introduction
Sustained bedrest, a ground-based analogue for assessing the long-term effects of microgravity on certain physiological systems (cf. Fortney et al. 1996) , leads to an impairment in functional exercise capacity at both maximal (Convertino, 1997; Ferretti et al. 1997 ) and submaximal intensities (Ferretti et al. 1998; Sundblad et al. 2000) . Following short-duration bedrest, the reduction in exercise capacity is mainly attributable to hypovolaemia-dependent attenuation in systemic O 2 delivery, as manifested by the diminished cardiac stroke volume and output (Hung et al. 1983; Convertino, 1996; Perhonen et al. 2001; Ade et al. 2015) . Morphological and functional peripheral deteriorations, such as skeletal muscle atrophy, and impairments in muscle O 2 diffusion and mitochondrial oxidative capacity may also contribute to bedrest-induced exercise limitations (Ferretti et al. 1997; di Prampero & Narici, 2003; Porcelli et al. 2010; Salvadego et al. 2011) .
Although it is envisaged that future planetary habitats will maintain a hypoxic environment (cf. Bodkin et al. 2006) , information pertaining to the interactive effects of reduced loading of musculoskeletal and cardiovascular functions and hypoxia on working capacity is relatively scarce. We have recently shown (Keramidas et al. 2016a) that the superimposition of sustained hypoxia on a 3 week bedrest confinement potentiated, in a synergistic manner, the reduction in peak O 2 uptake (V O 2 peak ) during dynamic exercise. The response was attributable to attenuated convective O 2 transport, as indicated by the lower peak cardiac output, secondary to a more pronounced bedrest-driven hypovolaemic reaction in hypoxia (Loeppky et al. 1993; Keramidas et al. 2016b) . It was noteworthy, however, that at the exhaustion point, the bedrest-induced impairment in leg muscle oxidative capacity was counteracted by the hypoxic stressor (Salvadego et al. 2015; Keramidas et al. 2016a) , presumably owing to a hypoxia acclimation-dependent elevation in circulating haemoglobin concentration ([Hb] ).
The magnitude of the adaptive response to a single stressor, be it bedrest or hypoxia, is to a large extent time dependent. Bedrest prompts a steep reduction in plasma volume andV O 2 peak within the initial week of the confinement, which is thereafter followed by a more gradual decline (Convertino, 1996; Fortney et al. 1996; Capelli et al. 2006) . Also, although hypoxia triggers erythropoietin release within a few hours of exposure, the expansion of haemoglobin mass and red blood cell volume occurs relatively slowly, and generally requires exposure periods longer than 2 weeks Siebenmann et al. 2015) . Hence, whether the mode of action and severity of the interactive influence of hypoxia and bedrest on exercise capacity would be determined by the duration of the confinement remains unknown.
Accordingly, the purpose of the present study was to examine the interactive effects of a 10 day sustained exposure to hypoxia and bedrest: (i) on the whole-bodẏ V O 2 peak during maximal, graded cycling; and (ii) on the regional cerebral and muscle oxygenation during submaximal, constant-load cycling. To determine the effect of each stressor, independently and in combination, subjects were exposed, in a Latin-square fashion, to a hypoxic bedrest (HBR), normoxic bedrest (NBR) and hypoxic ambulation (HAMB) confinement. Based on our previous findings (Keramidas et al. 2016a) , we hypothesized that hypoxia, despite the relatively short confinement period, would aggravate the bedrest-induceḋ V O 2 peak reduction but would mitigate the impairment of skeletal muscle oxidative capacity prompted by bedrest.
Methods

Ethical approval
The experimental protocol was approved by the National Committee for Medical Ethics at the Ministry of Health of the Republic of Slovenia (205/2/11) and conformed to the Declaration of Helsinki. The study was part of the 'LunHab: Lunar Habitat Simulation' project investigating the effects of a 10 day hypoxic bedrest on several functions of cardiorespiratory and musculoskeletal systems (see Debevec et al. 2014; McDonnell et al. 2014; Salvadego et al. 2016) .
Subjects
A minimal sample size of six individuals was determined a priori (G * Power 3.1 software; HeinrichHeine-Universität, Düsseldorf, Germany; Faul et al. 2007) using α = 0.05, β = 0.20 and an effect size of 1.49 determined from the significant difference inV O 2 peak in our previous study using a similar experimental protocol (Keramidas et al. 2016a) . Therefore, nine healthy male lowlanders (age, 24.1 ± 1.7 years; stature, 179.5 ± 7.7 cm; and body mass, 74.6 ± 12.7 kg) participated in the study. Subjects were informed in detail about the experimental procedures before giving their written consent to participate and were aware that they could terminate their participation at any time.
Experimental protocol
The overall experimental protocol is depicted in Fig. 1 . The study was conducted at the Olympic Sports Centre Planica (Rateče, Slovenia), located at an elevation of 940 m. All subjects underwent three 10 day confinement periods, separated by a washout period of at least 4 weeks, as follows: (i) NBR, during which they were breathing room air [fraction of inspired O 2 (F I,O 2 ), 0.21; partial pressure of inspired O 2 (P I,O 2 ), 134.2 ± 0.7 mmHg]; (ii) HBR, while they were continuously inspiring a hypoxic gas mixture (day 1: F I,O 2 , 0.16; P I,O 2 , 102.9 ± 0.1 mmHg; ambient simulated elevation of ß3000 m; day 2: F I,O 2 , 0.15; P I,O 2 , 97.9 ± 0.1 mmHg; ambient simulated elevation of ß3400 m; and days 3-10: F I,O 2 , 0.14; P I,O 2 , 91.5 ± 1.2 mmHg; ambient simulated elevation of ß4000 m); and (iii) HAMB, during which subjects were exposed to the same hypoxic environment as in HBR.
During HBR and HAMB, hypoxia in the confinement area was achieved using a vacuum-pressure swing adsorption (VPSA) system (b-Cat, Tiel, the Netherlands). During NBR and HBR, subjects were confined to a strict horizontal position and were not allowed to perform any exercise or strenuous muscle contractions. During HAMB, subjects were allowed to move freely within the hypoxic living area and were encouraged to be active so as to preserve their exercise capacity. For that purpose, they performed two 30 min bouts of stepping at a rate of 100 steps min −1 on a 30 min step (mean ± SD heart rate, 114 ± 3 beats min −1 ), once in the morning and once in the afternoon.
Four and 2 days before and 1 (recovery; R+1) and 3 days (R+3) after each confinement period, subjects performed two exhaustive incremental-load cycle-ergometry (Daum Electronic GmbH, Furth, Germany) trials to determine theirV O 2 peak and peak power output (PPO), while they were breathing either room air (AIR trial) or a hypoxic gas mixture (HYPO trial; F I,O 2 , 0.14). The trials were always performed in the morning; at R+1, they were conducted immediately after an orthostatic tolerance test (data are not reported here), ß2 h after the termination of each confinement. The order of the pre-confinement trials was fixed; the HYPO trial was always performed first. The order of the post-confinement trials was alternated between subjects in a random order. The incremental-load trials commenced with a 4 min rest period, followed by 
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Fixed order R+1: the blood sampling was performed ∼1 h before the cessation of the confinement the incremental-load trial was perfomed ∼2 h after the cessation of the confinement the constant-load trial was performed ∼6-8 h after the cessation of the confinement
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Figure 1. Schematic representation of the overall study protocol Abbreviations: AIR, room-air incremental-load trial to exhaustion; AIR 50 and AIR 65 , room-air constant-load trial at 50 and 65% of pre-confinement hypoxic peak power output, respectively; HYPO, hypoxic [fraction of inspired oxygen (F I,O 2 ), 0.14; simulated elevation of ß4000 m] incremental-load trial to exhaustion; HYPO 50 and HYPO 65 , hypoxic (F I,O 2 , 0.14) constant-load trial at 50 and 65% of pre-confinement hypoxic peak power output, respectively. R+1: one day after the confinement, R+2: two days after the confinement, R+3: three days after the confinement. Hypoxic bedrest and exercise capacity a 2 min warm-up at a workload of 60 W. Thereafter, the load was increased by 25 W min −1 until exhaustion. Attainment ofV O 2 peak , defined as the highest oxygen uptake (V O 2 ) averaged over 60 s, was confirmed according to the following criteria: (i) severe fatigue or exhaustion resulting in an inability to maintain exercise at a given work rate (cycling cadence <60 r.p.m.); and (ii) a subjective rating of perception of effort at or near maximal.
On the same testing days, but on a later occasion (ß4-6 h after the incremental-load trial), subjects performed on the same cycle ergometer two pairs of 6 min constant-load trials, while breathing room air or a hypoxic gas (F I,O 2 , 0.14). Each trial began with a 4 min rest period; during the hypoxic trial, the 4 min rest consisted of 2 min breathing room air, followed by 2 min of hypoxic gas. Subsequently, subjects performed a 6 min constant-load exercise bout at an intensity of 50% of the pre-confinement HYPO PPO (mean power output, 123 ± 16 W; AIR 50 , room-air trial; HYPO 50 , hypoxic trial). Following a 10 min passive interval on the cycle ergometer, subjects conducted a second 6 min constant-load exercise bout at 65% of the pre-confinement HYPO PPO (mean power output, 160 ± 20 W; AIR 65 , room-air trial; HYPO 65 , hypoxic trial). All constant-load trials were performed at the same absolute intensity before and after each confinement period. The order of the constant-load trials was alternated between subjects in a counterbalanced fashion and kept constant between the before and after trials for each subject in all three confinements. Throughout the trials, subjects remained seated on the cycle ergometer to minimize changes in muscle recruitment, and they pedalled at a cadence between 65 and 70 r.p.m. that was maintained via visual and verbal feedback. The height of the cycle seat was maintained constant for each subject. The mean ambient temperature, relative humidity and barometric pressure in the laboratory were 22.1 ± 1.6°C, 36 ± 10% and 682 ± 7 mmHg, respectively.
Before each confinement and ß1 h before the termination of each confinement, venous blood was collected from an antecubital vein to determine the concentration of haemoglobin ([Hb] ) and the haematocrit (Hct). The haematological analyses were performed with an automated laser-based haematology analyser (Advia 120; Siemens, Munich, Germany). Owing to methodological problems, the data from five subjects from HBR and six subjects from NBR and HAMB were eventually analysed and are presented in the present report.
Instrumentation
Respiratory measurements. During all exercise trials, V O 2 , carbon dioxide production (V CO 2 ), respiratory quotient (RQ), expired ventilation (V E ), ventilatory equivalent for oxygen (V E /V O 2 ), ventilatory equivalent for carbon dioxide (V E /V CO 2 ), partial pressure of end-tidal carbon dioxide (P ET,CO 2 ), tidal volume (V T ) and respiratory frequency (f R ) were measured online with a metabolic cart (Quark CPET; Cosmed, Rome, Italy). The gas analysers and pneumotachograph were calibrated before each trial with two different gas mixtures and a 3 litre syringe, respectively. During the HYPO trials, subjects breathed through a low-resistance two-way respiratory valve (Model 2, 700 T-Shape; Hans Rudolph, Inc., Shawnee, OK, USA). The inspiratory side of the valve was connected via respiratory corrugated tubing to a 200 litre bag filled with the premixed humidified breathing gas.
Heart rate (HR), peak power output (PPO) and O 2 pulse (O 2 -P). During all exercise trials, HR was measured using a heart rate monitor (S800CX; Polar, Kempele, Finland). The PPO was calculated according to the following equation: PPO = PO FINAL + (t/60 × 25 W), where PO FINAL refers to the last workload completed, and t is the number of seconds for which the final, uncompleted workload was sustained. The O 2 -P, which is considered an indication of stroke volume (Bhambhani et al. 1994) , was calculated by dividingV O 2 by HR.
Capillary oxyhaemoglobin saturation (S pO 2 ). During all exercise trials, S pO 2 was monitored with a finger pulse oxymeter (BCI 3301; Waukesha, WI, USA) placed on the left index finger.
Ratings of perceived exertion (RPE).
During all exercise trials, subjects were requested to provide ratings (scale 0-10) for dyspnoea-respiratory discomfort (D-RPE) and leg effort (L-RPE) at 1 min intervals.
Blood lactate concentration ([La]).
At the fifth minute of AIR 65 and HYPO 65 , a blood sample was taken from the tip of the right index finger to measure [La] . Before every collection, the finger was cleaned and dried to avoid contamination from sweat and dirt. The skin was punctured with a lancet (Accu-Chek, Scoftclix Pro, Basel, Switzerland); the second drop of blood was placed on a strip (BM-lactate, Roche, Basel, Switzerland) and immediately analysed with a portable analyser (Accutrend Lactate; Roche, Basel, Switzerland).
Near-infrared spectroscopy (NIRS).
During the constant-load trials, the cerebral, intercostal and leg muscle oxygenation was monitored with a two-wavelength (780 and 850 nm) NIRS device (Oxymon MKIII; Artinis Medical Systems BV, Zetten, The Netherlands). The cerebral probe was positioned over the left prefrontal cortex between Fp1 and F3, according to the modified international EEG 10-20 system; the respiratory muscle M. E. Keramidas and others probe was positioned over the right seventh intercostal space of the serratus anterior muscle (cf. Nielsen et al. 2001; Vogiatzis et al. 2008; Keramidas et al. 2012) , and the leg muscle probe was positioned above the vastus lateralis, ß15 cm above the proximal line of the patella and ß5 cm lateral to the mid-line of the thigh. The NIRS probes were always positioned by the same investigator. The probes consisted of one emitter and one detector housed in a black plastic holder that was stabilized on the shaved and cleaned skin with double-sided adhesive tape. A bandage covered and stabilized each probe holder in order to reduce the intrusion of external light and the loss of transmitted NIR light from the measuring area. The inter-optode distance was kept at 4.5 cm to minimize the influence of skin blood flow (Hampson & Piantadosi, 1988) . The theory, limitations and reliability of the NIRS system during exercise have been described previously (cf. Boushel et al. 2001 (Van Beekvelt et al. 2001) . All NIRS data were recorded continuously at 50 Hz and expressed relative to the resting period of each exercise bout.
Data and statistical analysis
All data were tested for normal distribution with the Kolmogorov-Smirnov test. A three-way repeated-measures ANOVA [exercise condition (AIR, HYPO) × confinement (HBR, NBR, HAMB) × testing period (Before, After)] was used to examine the differences in all data during the incremental-load trials to exhaustion. The effect of testing day (R+1, R+3) on maximal aerobic capacity, regardless of whether the exercise trial was performed in AIR or HYPO, was also examined. Considering that the post-confinement incremental-load trials were not performed in a counterbalanced order, a three-way [confinement (HBR, NBR, HAMB) × exercise condition (AIR, HYPO) × testing period (Before, After)] ANOVA with repeated measures on the last factor was computed to examine whether the differences between the confinements were dependent on the condition of the exercise trial (AIR, HYPO). A two-way repeated-measures ANOVA [confinement (HBR, NBR, HAMB) × testing period (Before, After)] was performed to examine the differences in all data during the constant-load trials. Yet, as regards the NIRS data, for reasons of clarity, and given that no statistical differences were detected between the three pre-confinement values (see Table 1 ), data from the pre-confinement phases were lumped together (Salvadego et al. 2016) . Subsequently, a two-way repeated-measures ± 3.7 5.5
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−0.4 ± 3.3 1.0 Salvadego et al. (2016) . HAMB did not alterV O 2 peak . HBR and NBR impairedV O 2 peak by 8.1% (95% CI: −1.2, −15.0; P = 0.03) and 7.3% (95% CI: −3.3, −11.3; P ࣘ 0.01), respectively. TheV O 2 peak was lower after NBR than after HAMB (P ࣘ 0.01) and tended to be lower after HBR than after HAMB (P = 0.06). Both bedrest confinements reduced PPO (HBR, P ࣘ 0.01; NBR, P = 0.04). At the point of exhaustion,V E was greater after HAMB than after the other confinements (P ࣘ 0.001). Both bedrest confinements decreased peak O 2 -P (HBR, P = 0.03; NBR, P < 0.001). The peak values of HR and S pO 2 did not differ in any of the confinements.
HYPO trial. Peak values obtained during the HYPO trial are summarized in Table 2 . HAMB impairedV O 2 peak by 4.3% (95% CI: −1.7, −6.9; P ࣘ 0.01). HBR, but not NBR, reducedV O 2 peak [HBR, −11.3% (95% CI: −6.2, −16.3; P ࣘ 0.001); NBR, −1.9% (95% CI: 0.3, −0.4; P = 0.14] and PPO (HBR, P = 0.05; NBR, P = 0.40). TheV O 2 peak and PPO were lower after HBR than after NBR (P ࣘ 0.01). Both hypoxic confinements reduced peak O 2 -P (HBR, P ࣘ 0.001; HAMB, P = 0.04). Peak O 2 -P was lower after HBR than after NBR (P ࣘ 0.01) and HAMB (P = 0.03). At the point of exhaustion, S pO 2 was higher after HBR (P = 0.03) and HAMB (P ࣘ 0.01). The peak values ofV E and HR did not differ between the confinements.
Effect of testing day. The confinement × exercise condition × testing period interaction was not significant (P > 0.05), suggesting that any difference between the confinements was independent of the exercise conditions. After all confinements, the attenuation inV O 2 peak , PPO and O 2 -P was greater on R+1 than on R+3 (P ࣘ 0.01; Table 3 and Fig. 2 ). At R+1, the HBR-induced reduction iṅ V O 2 peak was larger than that induced by NBR (P < 0.001) and HAMB (P < 0.001). Specifically, in seven of nine subjects, the bedrest-induced decrease inV O 2 peak was more M. E. Keramidas and others profound after HBR than NBR (Fig. 2) . At R+1, the reduction in PPO and O 2 -P was larger after HBR than after the other confinements (P < 0.01).
Constant-load trial
Room-air trial. Cardiorespiratory variables during AIR 50 and AIR 65 are presented in Table 4 . The exercise HR response was potentiated by all confinements; more so by NBR and HBR than by HAMB (P ࣘ 0.01). The exercise-induced hyperventilation was more profound after the hypoxic confinements, particularly after HBR (P ࣘ 0.001). HBR and HAMB increased f R during AIR 65 (P ࣘ 0.001). In AIR 50 , V T was higher after HBR than the other confinements (P = 0.03). The hypoxic confinements reduced P ET,CO 2 (P < 0.001). TheV E /V O 2 andV E /V CO 2 were greater after HBR than before HBR and after NBR (P < 0.001). Both bedrest confinements decreased O 2 -P (P ࣘ 0.01). Table 5 . The [O 2 Hb] of the cerebral frontal cortex was lower after NBR than in PRE during both exercise bouts (P ࣘ 0.01) and than after HBR in AIR 65 (P = 0.02; Fig. 3A) . During AIR 50 , [HHb] was greater after the bedrest confinements than after HAMB (P ࣘ 0.05), whereas in AIR 65 , it remained higher only after NBR (P < 0.001; Fig. 3A) . During AIR 65 , NBR and HAMB blunted the exercise-induced increase in [THb] (P < 0.05; Fig. 3A) .
The [O 2 Hb] of the vastus lateralis muscle was greater after HBR than NBR during AIR 50 (P = 0.03) but did not differ between them during AIR 65 (Fig. 3B) . During both exercise bouts, the exercise-induced increase in [HHb] was less after HBR and NBR than in PRE and after HAMB (P < 0.01; Fig. 3B ). In AIR 50 , [THb] was lower after NBR than after the other confinements (P ࣘ 0.01), whereas in AIR 65 , [THb] was impaired by both bedrest confinements (P < 0.05; Fig. 3B ).
During exercise, [O 2 Hb] of the serratus anterior muscle was lower after NBR than in PRE and after HAMB (P = 0.01); and it was lower than after HBR at the last minute of AIR 65 (P = 0.05; Fig. 3C ). NBR diminished the exercise-induced increase in [HHb] at the initial portion of AIR 65 (P ࣘ 0.01; Fig. 3C ). The [THb] was lower after NBR than HAMB in AIR 50 (P ࣘ 0.01) and than in PRE and after HAMB in AIR 65 (P ࣘ 0.01; Fig. 3C ).
Hypoxic trial. Cardiorespiratory variables during HYPO 50 and HYPO65 are presented in Table 6 . The HR remained higher only after the bedrest confinements (P ࣘ 0.01), and it did not differ between them. The exercise-induced hyperventilation was exaggerated by both hypoxic confinements, especially by HBR (P ࣘ 0.001). During HYPO 65 , fR was higher after HBR and NBR (P = 0.04). The hypoxic confinements reduced P ET,CO 2 (P < 0.001) and increased S pO 2 (P < 0.001). HAMB reducedV CO 2 during HYPO 50 (P = 0.04). Thė V E /V O 2 andV E /V CO 2 were greater after HBR and HAMB (P ࣘ 0.05). NBR, but not HBR, decreased O 2 -P (P ࣘ 0.01). None of the confinements alteredV O 2 , RQ,
The NIRS responses during HYPO 50 and HYPO 65 are summarized in Table 5 . At the beginning of HYPO 50 , the exercise-induced reduction in [O 2 Hb] in the cerebral frontal cortex was less after HBR than in PRE (P < 0.001); however, in HYPO 65 , the lowering in [O 2 Hb] was less after HAMB than in PRE (P ࣘ 0.01; Fig. 4A ). The increase in [HHb] was lessened by the hypoxic confinements (P ࣘ 0.01), and especially by HBR in HYPO 65 (P ࣘ 0.001; Fig. 4A ). During HYPO 65 , [THb] was substantially lower after HBR than after the other confinements (P ࣘ 0.01; Fig. 4A ).
The exercise-induced drop in [O 2 Hb] of the vastus lateralis muscle was less after HBR and HAMB than in PRE and after NBR (P < 0.001; Fig. 4B ). In HYPO 50 , [HHb] was lower after HBR than after the other confinements (P ࣘ 0.001), whereas in HYPO 65 , it was reduced by both bedrest confinements in a similar manner (P < 0.01; Fig. 4B ). HAMB also reduced, but to a lesser extent, [HHb] in HYPO 65 (P = 0.02; Fig. 4B ). During HYPO 50 , [THb] was not altered by the bedrest confinements; yet, it was markedly impaired by NBR during HYPO 65 (P < 0.001; Fig. 4B ). HAMB elevated [THb] , especially during HYPO 50 (P < 0.001; Fig. 4B ). The exercise-induced reduction in [O 2 Hb] of the serratus anterior muscle was less after HBR than after NBR at the last minute of HYPO 50 (P = 0.01) and than in PRE at the first half of HYPO 65 (P = 0.03; Fig. 4C ). The [HHb] was not altered by the bedrest confinements, but it was reduced by HAMB in HYPO 50 (P < 0.001; Fig. 4C ). During HYPO 50 , [THb] was higher after HBR than after NBR (P ࣘ 0.01), whereas it did not differ between the bedrest confinements during HYPO 65 (Fig. 4C) 
days (R+3; ß50 h after the termination of the confinement) after the 10 day hypoxic bedrest (HBR), normoxic bedrest (NBR) and hypoxic ambulation (HAMB)
The red dots indicate the two 'outliers', in whom the bedrest-induced reduction inV O 2 peak was greater after NBR than HBR confinement. * Significant difference between HBR and NBR (P ࣘ 0.05). ‡ Significantly different from HAMB (P ࣘ 0.05). # Significant difference between R+1 and R+3 (P ࣘ 0.05). The trials were performed at the same absolute intensity between confinements (mean power output: AIR 
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Discussion
The results of the present study support prior evidence (Keramidas et al. 2016a ) that continuous exposure to hypoxia aggravates the bedrest-induced reduction iṅ V O 2 peak during dynamic exercise engaging large muscle groups. Yet hypoxia counteracted the bedrest-induced impairment in O 2 diffusion and utilization capacity of active skeletal muscles during submaximal work intensities. The present study will be discussed in light of our previous work (Keramidas et al. 2016a) assessing the effects of a 21 day HBR on maximal exercise capacity in a group of healthy individuals with similar physical characteristics (i.e. age, sex and fitness level) to those participating in the present study.
Maximal exercise capacity
HBR did not prompt a specific adaptation to hypoxic stimulus, given that HBR potentiated the bedrest-induced reduction ofV O 2 peak in the HYPO but not in the AIR trial. In our previous study (Keramidas et al. 2016a) , the 21 day HBR attenuatedV O 2 peak in both exercise trials, which were performed in a counterbalanced fashion; the magnitude of the reduction, however, was greater in the AIR than the HYPO trial. Yet, in both studies, the aggravation of bedrest-induced reduction inV O 2 peak by hypoxia was accentuated within the first hours of the re-ambulation and reoxygenation phase, regardless of exercise conditions, whereas no differences were detected between the bedrest confinements at R+3, apparently suggesting an accelerated recovery ofV O 2 peak after HBR. Collectively, the two studies imply that the adverse effects of HBR on maximal aerobic capacity act independently of the environmental conditions wherein the exercise is performed and are merely determined by the timing of the post-confinement trial. Thus, the time course of thė V O 2 peak recovery was presumably concomitant with the post-bedrest change in plasma volume, which is typically restored within 2 days of re-ambulation after bedrest (Heer et al. 1992) . We have recently proposed (Keramidas et al. 2016a ) that the superimposition of hypoxia on bedrest potentiates the curtailment ofV O 2 peak owing to a greater reduction in convective O 2 transport, as manifested by lower peak values of cardiac output and stroke volume, reflecting a more pronounced hypovolaemic response in HBR (Loeppky et al. 1993; Keramidas et al. 2016b) . In the present study, no measurements of stroke volume and cardiac output were performed during exercise. However, the bedrest-induced reduction in resting and peak O 2 -P was compounded by hypoxia. This was also supported by resting echocardiographic measurements, carried out immediately before the re-ambulation phase, demonstrating a larger reduction in stroke volume [changes from the pre-confinement values: HBR, −56.1% (95% CI: −46.0, −66.1); NBR, −34.6% (95% CI: −23.9, −45.2); and HAMB, −47.4% (95% CI: −36.8, −58.0); P = 0.03] and ventricular end-diastolic volume [HBR, −25.9% (95% CI: −16.3, −35.4); NBR, −7.6% (95% CI: 4.1, −19.4); and HAMB, −19.2% (95% CI: −10.7, −27.6; P = 0.05] after HBR (these data will be discussed in detail elsewhere); a response that was solely attributable to reduced plasma volume .
Notably, HAMB caused a reduction inV O 2 peak , particularly at R+1. A similar drop (ß4%) was also detected at R+1 after the 21 day HAMB (Keramidas et al. 2016a) , albeit the difference was not statistically significant M. E. Keramidas and others (it was reduced in seven of 10 subjects). The causative mechanism for this response is difficult to discern from the present results. Judging from the reduced peak values of O 2 -P, the reduction inV O 2 peak was presumably attributable to a lower peak stroke volume, hence lower cardiac output. Indeed, echocardiographic assessments revealed a reduction in resting stroke volume after HAMB (see above); a response that was most probably consequent to hypoxia-engendered reduction in plasma volume (Alexander & Grover, 1983; Siebenmann et al. 2013; Eiken et al. 2015) . The recovery ofV O 2 peak after HAMB may thus reflect the restoration of plasma volume following altitude exposure; plasma volume remains suppressed on the first day after returning to normoxia and is fully recovered 2 days later (Alexander et al. 1967; Greenleaf et al. 1978) . The finding that sustained exposure to hypoxia reducesV O 2 peak by reducing plasma volume and therefore peak cardiac output is, however, not a consistent finding (cf. Robach et al. 2000; Calbet et al. 2004 ). The present results suggest that the timing of the post-acclimatioṅ V O 2 peak trial may be crucial for the outcome, hence to a great extent the equivocal results in the literature may reflect different timing of the post-acclimation exercise trial. In addition, after hypoxia acclimations of relatively short duration, such as the present study, any hypovolaemia-related drop inV O 2 peak will probably not be outweighed by increased oxygen-carrying capacity via expansion of red cell mass (cf. Sawka et al. 1996; Rasmussen et al. 2013; Siebenmann et al. 2015) . Along these lines, Robach et al. (2000) have shown that plasma The trials were performed at the same absolute intensity between confinements (mean power output: HYPO volume expansion enhancedV O 2 peak 10 days after hypoxic exposure, but it failed to improveV O 2 peak when the trial was performed 1-3 days after a 30 day acclimation period. Lastly, the possibility that a detraining effect had emerged in HAMB, plausibly potentiating a hypovolaemia-induced drop in stroke volume (Coyle et al. 1986; Krip et al. 1997) , is highly unlikely, considering the amount of work performed during the confinement period. Of interest is that in a previous hypoxia-ambulation study (Kounalakis et al. 2013) , in which the duration and the severity of hypoxic stimulus was similar to that used herein, V O 2 peak remained unaltered in a group of well-trained individuals (meanV O 2 peak , 63.9 ± 6.8 ml kg −1 min −1 ), who, contrary to those in the present study, were restrained 
Submaximal exercise capacity
The mechanical efficiency of performing the constant-load trials remained unaltered by the bedrest confinements, as indicated by the similar values ofV O 2 obtained before and after each confinement at given absolute workloads. Both NBR and HBR, however, compromised the balance between O 2 delivery and utilization in the leg muscle tissue; a response to bedrest that is in line with previous observations (Ferretti et al. 1997; Porcelli et al. 2010; Salvadego et al. 2011) . It appeared that in HBR, however, the hypoxic component averted, at least to some extent, the bedrest-driven attenuation in skeletal muscle oxidative function; [O 2 Hb] and [THb] were higher after HBR than after NBR, reflecting either a greater O 2 concentration or an increased vasodilatation, or both. In the present group of subjects, similar responses were detected during maximal graded exercise to exhaustion engaging either small (single-leg knee-extensor exercise) or large (two-legged cycle ergometry) muscle groups (see Salvadego et al. 2016) . Likewise, during exhaustive cycle ergometry after the 21 day intervention, subjects reached similar peak values of muscle deoxygenation after NBR and HBR, despite lower peak cardiac output andV O 2 peak in HBR than in NBR (Keramidas et al. 2016a ). The differences in O 2 diffusing capacity between the present two bedrests were not related to the level of muscle atrophy, which did not differ between the confinements (see Debevec et al. 2014) , nor to alterations in the muscle mitochondrial function, which remained unaltered by both confinements (see Salvadego et al. 2016) . Presumably, the hypoxia acclimation-related elevations in blood O 2 -carrying capacity and exercise-induced hyperpnoea, hence higher S pO 2 (cf. Sutton et al. 1988) , after HBR might have surmounted the detriment of the bedrest-induced reduction in cardiac output on systemic O 2 delivery, thereby facilitating a higher O 2 diffusion in the working limb muscles (Federspiel & Popel, 1986; Calbet et al. 2003; Lundby et al. 2008b,c) . It is also reasonable to assume that an elevated sympathetically mediated vasoconstriction in inactive or less active tissues, triggered by the sustained hypoxic stimulus (Calbet, 2003; Hansen & Sander, 2003) , might have counteracted, in part, the inactivity-driven impairment in functional sympatholysis (Mortensen et al. 2012) , leading to increased blood flow in the exercising muscles Lundby et al. 2008a) .
After HBR, despite the greater work of breathing (higherV E ), possibly resulting in increased demands on the respiratory muscles (Macklem, 1980) , the exercise-induced reduction in [O 2 Hb] in the serratus anterior muscle, an accessory muscle ofV E during exercise conditions (cf. Aliverti et al. 1997) , was less than that observed after NBR. Such a response, indicating favoured intercostal muscle perfusion after HBR, was probably attributable to elevated circulating [Hb] , ensuing from the hypoxia acclimation. The NIRS-derived oxygenation responses in respiratory and limb musculatures imply that the circulatory system might be more efficient to accommodate the increased metabolic requirements of the exercising muscle tissues after HBR than after NBR, in the face of a compromised cardiac output (Keramidas et al. 2016a) . It also appears clear from our present and past studies (Salvadego et al. 2015 (Salvadego et al. , 2016 Keramidas et al. 2016a ) that after short-to medium-term HBR, the skeletal muscles can function adequately during exercise conditions, regardless of the mode and intensity, thus supporting the notion that the whole-body exercise capacity after HBR is limited primarily by central cardiovascular restraints, rather than by skeletal muscle dysfunction.
During the hypoxic constant-load trials, especially the HYPO 65 , the exercise-induced elevation in cerebral [THb] was lowered by HBR, plausibly indicating a blunted local vasodilatory response, provoked by the marked hypocapnia (Kety & Schmidt, 1948) resulting from the hypoxia-induced hyperventilation (Houston & Riley, 1947) . It is noteworthy that during HYPO 65 , the exercise-induced increase in cerebral [THb] remained unaltered by HAMB, despite the pronounced hypocapnic response; P ET,CO 2 was, however, slightly higher after HAMB than after HBR, although the difference was not statistically significant (P = 0.35). The selective impairment of cerebral vasodilatory response during the hypoxic trial after HBR can probably be ascribed to the greater degree of hypocapnia reached in this specific exercise condition (Harper & Glass, 1965) . Lastly, in view of the preserved skeletal muscle oxygenation responses after HBR (see previous paragraph), it is also possible that the hypocapnia-induced lowering of cerebral [HHb] and [THb] during hypoxic exercise was potentiated by a greater share of the cardiac output being distributed to the working muscles (Ainslie et al. 2008) .
Methodological delimitations and limitations
In the present study, all trials were performed at an elevation of 940 m. It cannot be ruled out that the elevation might, to some extent, have compromiseḋ V O 2 peak (Terrados et al. 1985; Gore et al. 1996; Chapman et al. 1999; Wehrlin & Hallén, 2006) . However, considering the low initial fitness level of the subjects and that all exercise trials were performed in identical laboratory conditions, any confounding influence of such mild hypoxia should be negligible (cf. Terrados et al. 1985; Gore et al. 1996; Chapman et al. 1999; Wehrlin & Hallén, 2006) and constant across testing periods and trials.
Owing to the limited information pertaining to the effects of HBR on working capacity, it could not be assumed a priori that subjects would be able to tolerate great exercise intensities for a continuous 6 min period, and therefore constant-load trials of moderate intensity were used. Hence, whether HBR will evoke similar haemodynamic responses to those reported herein at higher constant-load intensities, while the cardiorespiratory system is heavily taxed and a competition for O 2 between the vascular beds is entailed, remains to be elucidated.
Arguably, a limitation of the study is that the post-confinement incremental-load trials to exhaustion were performed in a random but not counterbalanced order. For that reason, and given that the magnitude of the response was independent of whether the trial was performed in AIR or HYPO, we have mainly focused on the changes observed at R+1 and examined the overall, rather than the specific (HYPO) and crossover (AIR), effects of HBR on maximal aerobic capacity. Nonetheless, owing to this limitation, we are not able to assess the exact relative work intensity at which the 'after' constant-load trials were performed. Furthermore, although the study was sufficiently powered to detect changes inV O 2 peak , we acknowledge that the low number of subjects provided insufficient statistical power to rule out a type II error as regards the NIRS data during the constant-load trials. Nonetheless, the HBR-related muscle and cerebral oxygenation responses in the present study seem to be in line with those observed during incremental exercise to exhaustion in previous HBR studies (Salvadego et al. 2015 (Salvadego et al. , 2016 Keramidas et al. 2016a) .
It might also be argued that the 4 week interval between the confinements might not be a sufficiently long period for full recovery. Yet no differences were observed between the pre-confinement values in any of the variables. The duration of the washout phase was, in fact, in accordance with the recommendations from previous bedrest studies involving repeated confinements (see Convertino et al. 1985; Sandler et al. 1988) .
In conclusion, the present findings confirm our previous observation (Keramidas et al. 2016a ) that short-to medium-term continuous exposure to hypoxia aggravates the bedrest-induced curtailment inV O 2 peak during upright cycling. The hypoxic component of HBR, however, mitigates the impairment of skeletal muscle oxidative capacity elicited by the bedrest intervention.
